ABSTRACT Distance-based metrics has been practiced to various wide-ranging physicochemical applications, especially in the characterization and modeling of chemical structures. Computational techniques to acquire the precise analytic expressions for a number of distance-based topological indices of inorganic chemical networks and nano-materials are newly growing areas of reticular chemistry. Among these numerical invariants, the eccentricity-based indices are significant for their careful prediction of pharmaceutical properties. In this paper, we work out for the closed formulas of the various eccentricity-based indices, namely the eccentric-connectivity index, the total eccentric-connectivity index, the Zagreb eccentricity indices, the augmented eccentric-connectivity index, the modified eccentric-connectivity index, and the edge version of the eccentric-connectivity index for triazine-and porphyrin-based dendrimers. Furthermore, the expressions for the eccentric-connectivity, total eccentric-connectivity, and modified eccentricconnectivity polynomials are presented for these classes of dendrimers.
I. INTRODUCTION
Dendrimers are synthetic macromolecules with a tree-like well-defined branched structure. The three main components of this structure are core, inner and outer shells [30] . The external shells of each dendrimer have a specific number of functional groups that may provide a monodispersed platform for engineering favourable nanoparticle-drug and nanoparticle-tissue interactions. These aspects have invited serious attention in medicine as nanocarriers for traditional small proteins, drugs, DNA/RNA and in some instances as intrinsically active nanoscale drugs. Nowadays, numerous scientists have been paying attention to these structures due to their special physical and chemical characteristics and a wide range of applicability in several domains of bioscience, including immunology, drug delivery and the advancement of antivirals, vaccines, and antimicrobials, for instance see [2] , [5] , [22] , [23] , [25] - [27] .
A present-day trend in mathematical and computational chemistry is the characterization of molecular structure by
The associate editor coordinating the review of this manuscript and approving it for publication was Donghyun Kim. applying topological approaches, including numerical graph invariants. Such theoretical descriptors have also initiated the wide-ranging application in QSAR/QSPR studies suitable for novel molecular design, drug discovery, and hazard assessment of chemicals. Mathematical characterization of molecular graphs can be successfully achieved by graph invariants [17] , [31] . A graph invariant is a graph-theoretic property or indicator which is either identical or has the same value for isomorphic graphs. A graph can be viewed as a polynomial, a numeric number, a sequence of numbers, a matrix, or a drawing. A topological index is a numeric measure that associated with a graph and characterizes its topology [16] . Therefore, a topological index worked out for a molecular graph is a numerical measure of molecular topology. These are sensitive to such structural aspects of molecules as symmetry, the content of heteroatoms, size, shape, bonding pattern as well as the degree of complexity of atomic neighborhoods. Topological indices or descriptors have collected reasonable importance in the last few years because of the ease of generation and the speed with which these computations can be completed. These molecular descriptors are a significant part of chemical graph theory. Therefore, a topological index simultaneously supplies for quantitative characterization of a chemical graph, which is topologically invariant to labeling, and differentiating properties of isomers. There are a lot of graphs related numerical descriptors, which are of pivotal importance in theoretical chemistry and nanotechnology. Therefore, evaluation of these topological indices is one of the present-day lines of research. Some significant classes of topological indices of graphs are degree-based, distance-based and countingrelated. Among these descriptors, the distance-based ones have a significant place and can be brought into play to characterize the chemical compounds and predict their certain physiochemical properties. For a detailed review of some well-known topological indices; we recommend the interested readers to [12] , [13] , [15] , [19] - [21] , [24] , and references therein. We assume that G is a simple, connected and finite molecular graph with a vertex set V(G) and an edge set E(G). Vertices of G are correlated with atoms, and edges correspond to chemical bonds between atoms. An edge e ∈ E(G) with end vertices s and t is represented by st or ts. The number of edges having t as an end vertex is termed as the degree of t in G and it is symbolized with d t . For a vertex t, the collection of neighbor vertices is denoted by N t and is specified as N t = {s ∈ V (G) : st ∈ E(G)}. Let S t and M(t) stand for the sum and product of the degrees of all neighbors of vertex t respectively. A (t 1 , t m )-path on m vertices is described as a graph with vertex set {t j : 1 ≤ j ≤ m} and edge set {t j t j+1 : 1 ≤ j ≤ m − 1}. The distance between two vertices t 1 , t 2 ∈ V(G) is specified as the length of the shortest (t 1 , t 2 )-path in G. For a given vertex t ∈ V(G), the eccentricity ξ (t) is explained as the largest distance between t and any other vertex r in G. Similarly, d e speaks on behalf of the degree of an edge e ∈ E(G) and ξ (e) is defined as the largest distance between e and any other edgeé in G.
At first, we will compute the eccentricity-based descriptors of the molecular graph of Triazine-based dendrimer. This dendrimer was synthesized by divergent method evading protection/deprotection or functional group interconversion [10] . The mathematical form of eccentricitybased descriptors of a graph G, discussed throughout this article is presented in Table 1 . Various mathematical and chemical aspects of these invariants have been talked about in [1] , [7] - [9] , [14] , [18] , [28] , [29] , and [33] .
II. THE ECCENTRICITY-BASED INDICES AND POLYNOMIALS FOR TRIAZINE-BASED DENDRIMERS
Let us represent the molecular graph of triazine-based dendrimer with T (n), where n indicates the generation stage of T (n). Figure 1 illustrates the chemical structure of triazinebased dendrimer T (n) for the growth stage n = 1 and n = 2. It is the easy exercise to see that the number of vertices and edges in T (n) are + 1) and 7 × 2 2n+1 + 1 respectively. In order to work out for the eccentric connectivity indices and polynomials, we construct two sets of representatives of V(T (n)), say as shown in Figure 1 . It is clear from the molecular structure of T (n) that each element t of these sets, has the same numeric values for degree, S t , and M t respectively for any n. Furthermore, the eccentricity of each element rise with a specific mathematical way as the n increase in T (n). Therefore, it is sufficient to estimate the desired information for these sets. The degree, S t , M(t), eccentricity and frequency for each t for sets T 1 and T 2 are manifested in Tables 2 and 3 respectively. For convenience, we assume δ = 7n + 7k throughout this section. Now, we are prepared to derive the different eccentricity-based indices and their related polynomials of the molecular graph T (n) with the support of Tables 2 and 3. In the following theorem, we find out the eccentric-connectivity index. Theorem 1: For T (n), its eccentric-connectivity index is
Proof: Followed by the values illustrated in Tables 2 and  3 , and the sketch of the eccentric-connectivity index manifested in Table 1 , the explicit formula of this index can be written as follows:
By means of simple calculations, we derive that
which gives the required result. If we consider only the eccentricities of vertices and their frequencies of occurrence, and make use of Tables 2 and 3 in the definition of the total eccentric-connectivity index as given in Table 1 , we have the following result.
Corollary 1: The total eccentric-connectivity index for
In the next theorem, we give the accurate value of the eccentric-connectivity polynomial. Proof: In the light of Tables 2 and 3 , and the definition of the eccentric-connectivity polynomial which is formulated in Table 1 , the absolute formula of this polynomial can be written as follows:
It implies that the formulation in Theorem 2 is obtained. Adopting the same procedure as in Theorem 2, and using the values of Tables 2 and 3 in the definition of the total eccentricconnectivity polynomial as pictured in Table 1 , we have the following result. Corollary 2: For T (n), the total eccentric-connectivity polynomial is In the next theorem, the closed formula for the first Zagreb eccentricity index has been deduced.
Theorem 3:
The first Zagreb eccentricity index of T (n) is given as
Proof: Followed by the definition of the first Zagreb eccentricity index as sketched in Table 1, and the values of  Tables 2 and 3 , we add together this index of T (n) in the following way:
After means of some computations, we have got
Thus, the proof of the desired conclusions is accomplished. Now, we set up the precise value of the augmented eccentricconnectivity index of the molecular graph in upcoming result.
Theorem 4:
For T (n), the augmented eccentricconnectivity index is
Proof: From what we have handed over in Tables 2 and  3 , and the definition of the augmented eccentric-connectivity index disclosed in Table 1 , the value of this index can be determined as follows:
After mergering the similar items in the above equation, we have the required result. Now, we give the exact expression for the modified eccentricconnectivity index. Theorem 5: For the molecular graph T (n) of Triazinebased dendrimer, we have
Proof: From the definition of the modified eccentricconnectivity index as depicted in Table 1 and using the values  of Tables 2 and 3 , we have
After several calculational steps, we conclude that
which finishes the proof.
In the next result, we provide the closed formula for the modified eccentric-connectivity polynomial.
Theorem 6: For T (n), the modified eccentric-connectivity polynomial is given as Proof: From what we have presented in Tables 2 and  3 and the definition of the modified eccentric-connectivity polynomial expressed in Table 1 , the value of this invariant can be determined as follows:
After some calculations, we obtain the required result.
The edge partitioning of sets T 1 and T 2 according to the representatives of pairs of end vertices, eccentricity and degree of each edge of the corresponding representative and their frequency of occurrence are provided in Tables 4 and  5 respectively; the eccentricities of vertices are captured from Tables 2 and 3 . In the next theorem, we determine the exact value of the second Zagreb eccentricity index.
Theorem 7: The second Zagreb eccentricity index of T (n) is
.
Proof: Using the values of Table 4 and 5 in the definition of the second Zagreb eccentricity index as in Table 1 , we calculate this index in the following way:
+4(7n + 6)(7n + 7) + 4(7n + 7)(7n + 8) +2(7n + 8)(7n + 9) + 2(7n + 9)(7n + 10)
After some simplifications, we have
× 1249 + 441n 2 +5754n + 1133) 9 , which proves our theorem. Finally, we yield the precise value for the edge version of eccentric-connectivity index. Theorem 8: For the molecular graph T (n), we have
Proof: From the values of Tables 4 and 5 and what we have presented in Table 1 as the definition of edge version of eccentric-connectivity index, we infer
After some calculations steps, we deduce
This gives the required result.
III. THE ECCENTRICITY-BASED INDICES AND POLYNOMIALS FOR PORPHYRIN DENDRIMERS
In this section, we consider the class of porphyrin dendrimers. Let us represent the molecular graph of Porphyrin dendrimer with P(n), where n = 2 m , (m ≥ 2) is steps of growth of P(n). Figure 2 illustrates the chemical structure of Porphyrin dendrimer P(n) for the growth stage 4. It is easy to see that the number of vertices and edges in P(n) are 96n − 10 and 105n − 11 respectively, for more details see [6] . In order to workout for the eccentric connectivity indices and polynomials, we construct seven sets of representatives of V(P(n)), say
. . , β 9 }, U 4 = {γ 1 , γ 2 , . . . , γ 13 }, U 5 = {ρ 1 , ρ 2 , . . . , ρ 14 }, U 6 = {λ 1 , λ 2 , . . . , λ 12 }, U 7 = {ψ 1 , ψ 2 , . . . , ψ 12 }, as shown in Figure 2 . It is clear from the molecular structure of P(n) that each element t of these sets, has the same numeric values for degree, S t , and M(t) respectively for any n. Furthermore, the eccentricity of each element rises with a specific mathematical way as the n increases in P(n). Therefore, it is sufficient to estimate the desired information for these sets. The degree, S t , M(t), eccentricity and frequency of each t for the above sets are manifested in Tables 6-11 . Theorem 9: For P(n), its eccentric-connectivity index is
Proof: Followed by the sketch of the eccentricconnectivity index manifested in Table 1 , and using the values illustrated in Tables 6-11 , the explicit formula of this index can be written as follows: 
By means of some calculations, we derive that
which gives the required result. If we think over only the eccentricities of vertices and their frequencies of occurrence, and make use of Tables 6-11 in the definition of the total eccentric-connectivity index as given in Table 1 , we have the following result.
Corollary 3:
The total eccentric-connectivity index for P(n) is TECI (P(n)) = (432m + 3762)2 m − 40m − 144. VOLUME 7, 2019 In the next theorem, we give the accurate value of the eccentric-connectivity polynomial.
Theorem 10: For the molecular graph P(n), we have Proof: In the light of Tables 6-11 , and the definition of the eccentric-connectivity polynomial which is formulated in Table 1 , the absolute formula of this polynomial can be written as follows:
ECP(P(n), y)
It implies that the formulation in Theorem 10 is obtained.
Adopting the same procedure as in Corollary 3, and using the values of Tables 6-11 in the definition of the total eccentricconnectivity polynomial as pictured in Table 1 , we have the following result. Corollary 4: For P(n), the total eccentric-connectivity polynomial is
TECP(P(n), y)
= (4y 4 −2)y 4m+19 +(4y 4 −2)y 4m+20 2y 4 −1 + (4y 4 −2)y 4m+21 +2 m+1 y 8m+20 (1+y)+y 8m+22 2 m+1 In the next theorem, the closed formula for the first Zagreb eccentricity index has been deduced.
Theorem 11:
The first Zagreb eccentricity index of P(n) is given as
Proof: Followed by the definition of the first Zagreb eccentricity index as sketched in Table 1, and the values  of Tables 6-11 , we add together this index of T (n) in the following way:
By means of some computations, we have ZECI 1 (P(n)) = (1984m 2 + 30896m + 149098)2 m − 160m 2 − 1152m − 2484. Thus, the proof of the desired conclusions is accomplished. Now, we set up the precise value of the augmented eccentricconnectivity index of the molecular graph in upcoming result.
Theorem 12: For P(n), the augmented eccentricconnectivity index is AECI (P(n)) Proof: From what we have handed over in Table 6 -11, and the definition of the augmented eccentric-connectivity index disclosed in Table 1 , the value of this index can be determined as follows:
After mergering the similar items in the above equation, we have the required result. Now, we give the exact expression for the modified eccentricconnectivity index. Theorem 13: For the molecular graph P(n), we have
Proof: From the definition of the modified eccentricconnectivity index as depicted in Table 1 and using the values  of Tables 6-11 , we have
After several calculational steps, we conclude that MECI (P(n)) = (328m + 2775)2 m+1 + (1712m + 15400)2 m − 184m − 656, this finishes the proof.
Theorem 14: For P(n), the modified eccentric-connectivity polynomial is given as Proof: From what we have presented in Tables 6-11 and the definition of the modified eccentric-connectivity polynomial expressed in Table 1 After some calculations, we obtain the required result.
MECP(T (n), y)

IV. CONCLUSION
The analysis of graphs and networks plays an appreciable role to deduce their underlying topologies. Therefore, it is an attractive and demanding line of research to quantify and study the distance-based molecular topological descriptors of chemical structures like dendrimers due to their wide range of applications in various branches of applied sciences.
In this paper, we have presented the exact formulas of certain eccentricity-based topological indices and their related polynomials for two classes of dendrimers.
